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FHQWHU WR FODPS WKH GLIIHUHQWZRUNSLHFHV )OH[LEOH IL[WXUH LV
GLYLGHG LQWR WZR FDWHJRULHV RQH LV WKH WUDGLWLRQDO IOH[LEOH
IL[WXUH DQG WKH RWKHU LV WKHPRGHUQ IOH[LEOH IL[WXUHZLWK WKH
LQQRYDWLYH SULQFLSOH DQG VWUXFWXUH  7KH WUDGLWLRQDO IOH[LEOH
IL[WXUH LV GLYLGHG LQWR WKH DGMXVWDEOH IL[WXUH DQG WKHPRGXODU
IL[WXUHDQGWKHPRGHUQIOH[LEOHIL[WXUHPDLQO\LQFOXGHVSKDVH
FKDQJHPDWHULDOIL[WXUHDGDSWLYHIL[WXUHDQGPRGXODUSURJUDP
FRQWURO IL[WXUH%HFDXVHRI WKH ORZ IOH[LELOLW\ WKH WUDGLWLRQDO
IOH[LEOHIL[WXUHFDQ¶WPHHWWKHKLJKFRPSOLDQFHUHTXLUHPHQWVLQ
PRGHUQ PDQXIDFWXULQJ $QG PRGHUQ IOH[LEOH IL[WXUH V\VWHP
ZLWK LWV FKDUDFWHULVWLFV RI KLJK IOH[LELOLW\ UHFRQVWUXFWLRQ
H[SDQVLRQ DQG KLJK SUHFLVLRQ KDV JUDGXDOO\ EHFRPH WKH
PDLQVWUHDP
)RU H[DPSOH WKH8QLWHG6WDWHV6SDLQ DQGRWKHU FRXQWULHV
OHDGLQWKHPRGXODUSURJUDPFRQWUROIL[WXUH$QGDQXPEHURI
IOH[LEOH IL[WXUH V\VWHP KDV GHYHORSHG ,Q  +RUVW:LWWH




E\ D QXPEHU RI DYLDWLRQ PDQXIDFWXULQJ HQWHUSULVH ,Q 
1RUWKURS *UXPPDQ LQ $PHULFDQ PDQXIDFWXUHG WKH JDQWU\






PDQXIDFWXULQJ LV EHLQJ XVHG ZLGHO\ WKHUH DUH VWLOO D ODUJH
QXPEHURIVPDOODQGPHGLXPVL]HGFRPSRQHQWV7KHWUDGLWLRQDO
WRROLQJFRXOGQ¶WDSSO\WRWKHPHGLXPDQGVPDOOVL]HGVWUXFWXUHV
EHFDXVH RI LWV FRPSOH[LW\ DQG XQLTXHQHVV 6R WKH
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&RPSRVLWLRQRIIOH[LEOHIL[WXUH
7R LPSURYHIOH[LEOHD IOH[LEOHIL[WXUHSODWIRUPDGRSWV WKH
PRGXODU GHVLJQ PHWKRG SURYLGLQJ D VHULHV RI WKH WRROLQJ




)LJXUH VKRZV WKH PDLQ PRGXOHV RI WKH IOH[LEOH IL[WXUH
SODWIRUP LQFOXGLQJ WKH IL[HG SRVLWLRQ PRGXOH WKH DGDSWLYH














7KHNH\RI WRROLQJPRWLRQFRQWURO V\VWHPGHVLJQ LV DV IDU DV




PRWLRQ FRQWURO FDUG 7KH VHUYRPRWLRQ FRQWURO LV EDVHG RQ
3/&SXOVHJHQHUDWLQJPRGXOH&1&VHUYRV\VWHPPDLQO\XVHG
IRU &1& PDFKLQH WRROV KDV KLJK FRQWURO SUHFLVLRQ DQG FDQ
UHDOL]H PXOWL D[LV V\QFKURQL]DWLRQ DQG OLQNDJH DV ZHOO DV
DFFHOHUDWLRQDQGGHFHOHUDWLRQIXQFWLRQV7KHFRVWRI3&PRWLRQ


















VRIWZDUH FDQ¶W:KHQ DGGLQJ D VXSSRUWPRGXOH WKH VRIWZDUH














PRWLRQV RI VKDIWV WR FRRUGLQDWH FRPPXQLFDWLRQ V\VWHP ,Q
DGGLWLRQ DEDQGRQ WKH KLJK OHYHO EXV SURWRFRO LQ WKH DERYH
SURJUDP 7KH &$1 EXV FRQWURO UDWKHU WKDQ WKH &$1 RSHQ
SURWRFRO DSSOLHV WR WKH SURJUDP EHFDXVH WKH &$1 RSHQ
SURWRFROLVWRRFRPSOH[WREHXVHGLQWKHSURJUDP$FFRUGLQJ
WR WKH FKDUDFWHULVWLFV RI WKH V\VWHP D VHULHV RI SURWRFROV LV
GHYHORSHGWRUHDOL]HWKHLQWHUFRQQHFWLRQRIQRGHVZKLFKPDNHV
WKHEXVORDGUHDFKWKHORZHVWSRLQW'XHWRWKHLQFUHDVHRIWKH
QRGH FRQWURO OD\HU WKH UHDOWLPH SHUIRUPDQFH RI WKH 3&
FRQWUROOHULVUHGXFHGVRWKH3&PDFKLQHFDQEHXVHGDVWKHKRVW
FRPSXWHU 2Q WKH RQH KDQG WKH KRVW FRPSXWHU VHQGV DQG
UHFHLYHV VRIWZDUH WKURXJK (WKHUQHW DQG FRPPXQLFDWHV ZLWK
&1&V\VWHPRQWKHRWKHUKDQGLWLVXVHGDVWKHPDLQUROHRI
WKH &$1 QHWZRUN WR FRRUGLQDWH WKH DFWLRQV RI QRGHV 7KH
VWUXFWXUHRIWKHLPSURYHGFRQWUROV\VWHPLVVKRZQLQ)LJXUH















WKH ZRUNSLHFH ZKHQ LW LV FXW DQG WKH IOH[LEOH IL[WXUH FDQ




)RU WKH WKLQZDOO IUDPH W\SH VWUXFWXUH WKH IOH[LEOH IL[WXUH




WKH VXSSRUW FROXPQVZLWK IRXU YDFXXP FKXFNV7KH WHUPLQDO
DFWXDWRURIWKHVXSSRUWFROXPQLQWKHPLGGOHRIWKHSURFHVVLQJ
DUHDV LV WKH IROORZXS VXSSRUW EDOO ZKLFK IROORZV WRRO





WRRO LQ WKH LGHDVWDWHEXW LQIDFW LWDOZD\VEHEHKLQG WKH WRRO
SRVLWLRQGXH WR WKHK\VWHUHVLV SKHQRPHQRQRI WKH DFTXLVLWLRQ
DQGFRQWUROSDUWV%HFDXVHWKHDFWXDOODJWLPHLVOHVVWKDQVLI
WKH DPRXQW RI IHHG LV PP PLQ D IROORZXS VXSSRUWLQJ
SRLQWZLOOOD\EHKLQGWKHWRROOHVVWKDQPP,QWKLVFDVHWKH






WKH VKXFN LQVWDOOV WKH EDOO LQVLGH VR WKHZRUNSLHFH FODPSLQJ
SRLQW LV VLPSOLILHG WR D IL[HG FRQVWUDLQW LQ WKH ILQLWH HOHPHQW
PRGHO7KH ORZHUSDUWRI WKHQ\ORQEDOO LVK\SRWKHVL]HGDV D
IL[HGFRQVWUDLQW,Q)LJXUHZKHQDIROORZXSVXSSRUWLQJSRLQW
ZLOOOD\EHKLQGWKHWRRODERXWPPWKHPD[LPXPGHIRUPDWLRQ
RFFXUV LQ WKH IURQW RI WKH WRRO ,Q WKLV FDVH WKH PD[LPXP
GHIRUPDWLRQ OHVV WKDQ PPZKLFKPHHWV UHTXLUHPHQW RI
SURFHVVLQJ WROHUDQFH UDQJH 'XH WR WKH FKDUDFWHULVWLFV RI
ZRUNSLHFH WKHVWLIIQHVVRIPLGGOHSDUW LVKLJKHU:LWKRXWWKH
IROORZXSVXSSRUWWKHPD[LPXPGHIRUPDWLRQRIWKHPDFKLQLQJ







VXSSRUW WKH GHIRUPDWLRQ DW WKH SURFHVVLQJ SRLQW ZRXOG EH
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PP ZKLFK GRHVQ¶W PHHW WKH SURFHVVLQJ DFFXUDF\
UHTXLUHPHQW:LWKDIL[HGVXSSRUWFROXPQLQ WKHHGJHIUDPH
ZKHQWKHGLVWDQFHEHWZHHQWKHSURFHVVLQJSRLQWDQGWKHVXSSRUW
FROXPQ UHDFKHV PP WKH GHIRUPDWLRQ LV DERXW PP




















)RU WKH LPSURYHPHQW RI WKH VXSSRUW DQG WKH ZRUNSLHFH
V\VWHP WKH VL[RUGHUQDWXUDO IUHTXHQFLHV DUHDQDO\]HGE\ WKH
ILQLWHHOHPHQWDQDO\VLVDVVKRZQLQ7DEOHDQG)LJXUH
7DEOH7KHQDWXUDOIUHTXHQF\RIWKHVL[RUGHUVRIWKHVHUYRV\VWHP



























WKH SURFHVVLQJ DUHD DQG DERXW PP 7KH PD[LPXP




ZRUNSLHFH GHIRUPDWLRQ LQFUHDVHV ZLWK WKH IUHTXHQF\ RI WKH
PLOOLQJ IRUFH:KHQ WKH IUHTXHQF\ LVK] WKHGHIRUPDWLRQ
UHDFKHVWKHPD[LPXPYDOXHDQGWKHZRUNSLHFHUHVRQDWHVZLWK
WKH VXSSRUW V\VWHP :KHQ WKH IUHTXHQF\ LV K] WKH











UHTXLUHPHQWV ZKHQ SURFHVVLQJ WKH VSHFLDO ZRUNSLHFH 7KH
RSHUDWLRQLVVLPSOHDQGFRQYHQLHQWJUHDWO\LQFUHDVLQJWKHZRUN
HIILFLHQF\ %XW LW FDQ RQO\ EH XVHG LQ FRPELQDWLRQ ZLWK
6,(0(16 ' &1& V\VWHP ,W IDLOV WR DFKLHYH FURVV WKH
RSHUDWLQJ V\VWHP SODWIRUP ZKLFK LV WKH IRFXV RI WKH IXWXUH
UHVHDUFK





RI SURFHVV WR FRQWUROOHU WR DFKLHYH DGDSWLYH FRQWURO RI WKH
GHIRUPDWLRQ LQ PDFKLQLQJ SURFHVV 7KH H[SDQVLRQ RI WKH
FRQWURO VFKHPH FRPSDWLELOLW\ LV DOVR WKH IRFXV RI  IXWXUH
UHVHDUFK
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